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(57) ABSTRACT

The lamp 1s turned ON 1n S41, and the upper reference
voltage memory 13a 1s written with the upper reference
value, which 1s presently stored 1n the upper storage memory
136 and which has been determined and set as the upper
reference value during the previously-executed 1image read-
ing process. The increase mode flag 1s turned ON 1n S43, and
the 1nterrupt routine 1s started in S44 to determine the upper
reference voltage to be used 1n the present 1image reading
process. When the upper reference value 1s finally
determined, the interrupt routine i1s terminated 1n S45, and
the upper reference value 1s stored in the upper reference
voltage memory 13a. The upper reference value 1s stored
also 1n the upper storage memory 13b 1n S46. In the next
image reading process, the upper reference value, stored in
the upper storage memory 135, will be written into the upper
reference value memory 13a in S42. The D/A converter 41b
will 1mitially output a temporary upper reference voltage
corresponding to that upper reference value. The upper
reference voltage proper for being used in the present image
reading process can be determined within a short period of

time through repeatedly changing the temporary upper rel-
erence voltage from the thus initially-set value.

25 Claims, 13 Drawing Sheets
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FIG. 1 (a) FIG. 1 (b)
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FIG. 8 (a) FIG. 8 (b)
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FIG. 9

ROUTINE FOR SETTING REFERENCE VOLTAGE
WHEN POWER S TURNED ON

SET UPPER STORAGE 31
MEMORY 10 QOh

SET LOWER STORAGE
MEMORY TO 3Fh S2
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FIG. 10

ROUTINE FOR READING
ORIGINAL DOCUMENT

START OPERATIONS TO FEED

ORIGINAL DOCUMENT TO ORIGINAL +~S11
DOCUMENT SET POSITION

ROUTINE FOR SETTING LOWER S19
- REFERENCE VOLTAGE |

ROUTINE FOR SETTING UPPER {l_q11
REFERENCE VOLTAGE |

WHILE FEEDING ORIGINAL
DOCUMENT, READ ONE PAGE OF
ORIGINAL DOCUMENT

'S THERE S15
ANOTHER PAGE
OF ORIGINAL
DOCUMENT 7

No

S14

END
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FIG. 11

ROUTINE FOR SETTING LOWER q19
REFERENCE VOLTAGE
EXTINGUISH LAMP S21

WRITE VALUE FROM LOWER S99
STORAGE MEMORY INTO LOWER

REFERENCE VoLTAGE
MEMORY

TURN OFF INCREASING
MODE FLAG

S23

START INTERRUPT ROUTINE FOR

DETERMINING LOWER REFERENCE
VOLTAGE

529

STOP

INTERUPT ROUT INE
?

STORE VALUE FROM LOWER
REFERENCE VOLTAGE MEMORY IN S26
LOWER STORAGE MEMORY

END

S24
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FIG. 12

INTERRUPT ROUTINE FOR DETERMINING
| OWER REFERENCE VOLTAGE

531

S
INCREASING FLAG STNC
MODE OFE ?
Yes
S33 339
DECREMENT VALUE IN Ves

LOWER REFERENCE
VOLTAGE MEMORY BY ONE

ANY UNDERFLOW ?

No

TURN ON INCREASING S34
MODE FLAG

S36

INCREMENT VALUE iN No
LOWER REFERENCE
VOLTAGE MEMORY BY ONE

S35

ANY UNDERFLOW 7

Yes

DECREMENT VALUE IN LOWER
REFERENCE VOLTAGE MEMORY S37
BY ONE

STOP INTERRUPT ROUTINE S38
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FIG. 13

ROUTINE FOR SETTING UPPER S13
REFERENCE VOLTAGE _
ILLUMINATE LAMP S41

WRITE VALUE FROM UPPER

STORAGE MEMORY INTO UPPER
REFERENCE VOLTAGE
MEMORY

TURN ON INCREASING
MODE FLAG

START INTERRUPT ROUTINE FOR
DETERMINING UPPER REFERENCE
VOLTAGE

S44

S45

INTERUPT ROUT INE
?

Yes

STORE VALUE FROM UPPER
REFERENCE VOLTAGE MEMORY IN S46

UPPER STORAGE MEMORY

END
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FIG. 14

R T
INTERRUPT ROUTINE FOR DETERMINING
UPPER REFERENCE VOLTAGE

S51

1S
INCREAS ING MOoDE .

FLAG ON 7

Yes
S53
S52
INCREMENT VALUE IN Ves
UPPER REFERENCE ANY OVERFLOW 7
VOLTAGE MEMORY BY ONE
No

TURN OFF INCREASING SH54
MODE FLAG

SHb 55
DECREMENT VALUE [N NG
UPPER REFERENCE ANY OVERFLOW 7
VOLTAGE MEMORY BY ONE
Yes

INCREMENT VALUE IN UPPER
REFERENCE VOLTAGE MEMORY
BY ONE

STOP INTERRUPT ROUTINE So8

No

SoH7
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IMAGE READING DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an 1mage reading device
such as an 1mage scanner.

2. Description of the Related Art

Recently, a multifunction peripheral device has been
developed. The single multifunction peripheral device can
perform many functions, such as a printer function, a
facsimile function, a scanner function, and a copy function.
The multifunction peripheral device 1s therefore convenient
to be used as a peripheral device for a computer.

The multifunction peripheral device 1s provided with an
image scanner. The image scanner includes: a lamp (scanner
light source) for irradiating an original document with light;
and a charge coupled device (CCD) for picking up light
reflected from the original document. The CCD has a
plurality of light conversion elements aligned in a line. Each
light conversion element 1n the CCD outputs a voltage with
its value corresponding to the intensity of the received light.
The value of the voltage therefore represents a correspond-
ing pixel on the original document. The voltage value
(voltage data) is then converted into numeric data represent-
ing an image read from the original document.

SUMMARY OF THE INVENTION

The voltage data outputted from the CCD for each pixel
may be converted 1nto hexadecimal numeric data of “00h”
to “FFh” based on the following formula (1):

(1)

(numeric data) =

(voltage data)— (lower reference voltage)

X256

(upper reference voltage)— (lower reference voltage)

It 1s noted that when the voltage data 1s higher than the
upper reference voltage, the numeric data 1s set to “FFh.”
When voltage data 1s lower than the lower reference voltage,
the numeric data is set to “00h.” That is, if (voltage data)>
(upper reference voltage), (numeric data)=FFh, and if

(voltage data)<(lower reference voltage), (numeric data)=
00h.

Thus, values of the lower reference voltage and the upper
reference voltage have to be determined prior to the voltage
data conversion process.

For this reason, the image scanner may be designed to set
the values of the upper and lower reference voltages before
reading images from an original document. The values of the
upper and lower reference voltages may be set 1n a manner
described below.

It 1s now assumed that the value of the upper reference
voltage should be set in a range between two (2) and four (4)
volts and that the value of the lower reference voltage should
be set in another range between zero (0) and one (1) volts.

First, the lamp 1s turned ON. A white reference plate
provided in the 1mage scanner 1s irradiated with light from
the lamp. Receiving light reflected from the white reference
plate, all the light conversion elements in the CCD generate
the same 1nput voltage 101 shown in FIG. 1(a).
Simultaneously, a temporary reference voltage 102 1s set to
have a value of two (2) volts which is equal to the minimum
value 1n the upper reference voltage range of 2 to 4 volts.
Then, the amount of the temporary reference voltage 102 1s
increased one level (=(4-2)/256 volts) at a time until the
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2

temporary reference voltage 102 becomes higher than the
CCD’s generating mput voltage 101. It 1s noted that when
the input voltage 101 1s greater than the temporary reference

voltage 102, the mput voltage 101 1s detected as “overtlow.”

Accordingly, the amount of the temporary reference voltage
102 1s increased one level at a time until no overtlow 1s
detected. Once overflow 1s eliminated, the temporary refer-
ence voltage 102 1s decreased one level at a time unftil
overflow 1s again detected. When overtlow 1s again detected,
the temporary reference voltage 102 1s increased one more
level, and the resultant temporary voltage value, which 1s
now substantially equal to the CCD’s generating input
voltage 101, 1s set as the upper reference voltage 103 as

shown in FIG. 1(b).

The value of the lower reference voltage 1s set 1n the
manner similar to that described above.

First, the lamp 1s turned OFF. The CCD 1s controlled to
receive light reflected from the white reference plate in the
dark condition. All the light conversion elements in the CCD
ogenerate the same input voltage. This input voltage 1is
different from that generated by the CCD 1in the light-
illuminated condition. Simultaneously, a temporary refer-
ence voltage is set to have a value of one (1) volt which is
equal to the maximum value in the lower reference voltage
range of zero (0) to one (1) volts. The temporary reference
voltage is decreased one level ((1-0)/256 volts) at a time
until the temporary reference voltage becomes lower than
the input voltage. It 1s noted that when the 1nput voltage is
lower than the temporary reference voltage, the mput volt-
age 1s detected as “underflow.” Accordingly, the temporary
reference voltage 1s decreased one level at a time until no
underflow 1s detected. Once underflow 1s eliminated, the
temporary reference voltage 1s increased one level at a time
until undertlow 1s again detected. When underflow 1s again
detected, the temporary reference voltage 1s decreased one
more level, and the resultant temporary reference voltage
value, which 1s now substantially equal to the CCD’s
generating 1nput voltage, 1s set as the lower reference
voltage.

Thus, the upper reference voltage 1s determined by repeat-
edly changing the amount of the temporary reference volt-
age one level at a time from the minimum value of the upper
reference voltage range. The lower reference voltage 1s
determined by repeatedly changing the amount of the tem-
porary reference voltage one level at a time from the
maximum value of the lower reference voltage range.
Therefore, a great deal of time 1s required to set each of the
upper and lower reference voltages.

In addition, each time the temporary reference voltage 1s
increased or decreased, a certain amount of time 1s required
before the condition stabilizes. Therefore, it 1s 1mpossible to
detect overtflow or underflow 1immediately after the tempo-
rary reference voltage 1s changed. Accordingly, it takes a
certain amount of time before detecting existence of over-
flow or underflow.

Accordingly, 1in order to detect existence of overtlow or
underflow 1n a stable condition, 1t 1s conceivable to periodi-
cally execute an interrupt routine, wherein the temporary
reference voltage 1s changed one level and overtlow or
underflow 1s detected. In this case, however, the interrupt
routine has to be repeatedly performed a great number of
times until the temporary reference voltage becomes sub-
stantially equal to the CCD’s generating input voltage. It
takes a long period of time until finally determining each of
the upper and lower reference voltages.

It 1s therefore an objective of the present invention to
overcome the above-described problems and to provide an
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improved 1image reading device that i1s capable of setting,
within a short period of time, the reference voltage to be
used for converting voltage data read from an original 1mage
into numeric data.

In order to attain the above and other objects, the present
invention provides an 1mage reading device comprising:
reading means capable of reading an original 1mage through
converting the original 1mage 1nto voltage data; reference
voltage supply means capable of supplyimng a reference

voltage; conversion means capable of receiving the voltage
data and the reference voltage and converting the voltage
data mto numeric data with referring to the reference volt-
age; and 1mage reading control means for performing
successively-executed 1mage reading processes through
repeatedly controlling the reading means to convert the
original 1mage 1nto voltage data, the reference voltage
supply means to supply the reference voltage, and the
conversion means to convert the voltage data into the
numeric data with referring to the reference voltage, the
image reading control means setting a value of the reference
voltage, to be supplied from the reference voltage supply
means at each i1mage reading process, based on another
value of the reference voltage supplied from the reference
voltage supply means at another image reading process
which 1s performed immediately before the each image
reading process.

The 1mage reading control means may include reference
voltage setting means for being executed at each i1mage
reading process to set the value of the reference voltage to
be used for the subject 1mage reading process based on the
value of the reference voltage used at the most recently-
performed 1mage reading process.

According to another aspect, the present invention pro-
vides an 1mage reading device, comprising: reading means
for reading an original 1mage by converting the original
image 1nto voltage data; reference voltage supply means for
supplying a reference voltage; reference voltage setting
means for setting a value of the reference voltage supplied
by the reference voltage supply means, the reference voltage
setting means setting a succeeding reference voltage based
on a preceding reference voltage; and conversion means for
receiving the voltage data and the reference voltage, whose
value 1s set by the reference voltage setting means, and for
converting the voltage data into numeric data with referring
to the reference voltage.

The reference voltage setting means may include: tem-
porary voltage memory means for storing a temporary
reference voltage; comparison means for comparing the
value of the temporary reference voltage with an input
voltage produced by the reading means 1n a predetermined
condition; temporary voltage value increasing means for,
when the results of the comparison performed by the com-
parison means shows that the temporary reference voltage 1s
smaller than the input voltage, mcreasing the value of the
temporary reference voltage stored 1n the temporary voltage
memory; temporary voltage decreasing means for, when the
results of the comparison performed by the comparison
means shows that the temporary reference voltage 1s larger
than the mnput voltage, decreasing the value of the temporary
reference voltage stored 1n the temporary voltage memory;
determination means for repeatedly operating the temporary
voltage 1ncreasing means and the temporary voltage
decreasing means and setting the value of the temporary
reference voltage as the reference voltage when the tempo-
rary reference voltage stored 1n the temporary voltage
memory becomes substantially the same as the input volt-
age; voltage memory means for storing the reference voltage
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4

set by the determination means; and initial value setting
means for setting, into the temporary voltage memory
means, the reference voltage stored 1n the voltage memory
means, as an initial value of the temporary reference voltage.

The comparison means, the temporary voltage increasing
means, and the temporary voltage decreasing means may be
operated by periodically-executed interrupt routine so that
the temporary reference voltage 1s increased or decreased
during one interrupt routine by the temporary voltage
Increasing means or the temporary voltage decreasing means
and so that the comparison means compares the increased or
decreased temporary reference voltage with the mput volt-
age 1n the next interrupt routine.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the 1nvention will become more apparent from reading the
following description of the preferred embodiment taken in
connection with the accompanying drawings in which:

FIGS. 1(a) and 1(b) show a conceivable method how to

determine an upper reference voltage, wherein FIG. 1(a)
shows an 1nifial relationship between a temporary upper
reference voltage and a CCD’s generated voltage, and FIG.

1(b) shows a final relationship between the determined
upper reference voltage and the CCD’s generated voltage;

FIG. 2 1s an external perspective view of a multifunction
peripheral device mounted with a scanner according to an
embodiment of the present invention;

FIG. 3 1s a block diagram of an electrical configuration of
the multifunction peripheral device of FIG. 2;

FIG. 4 1s a cross-sectional view showing an internal
structure of the front portion of the multifunction peripheral
device, 1n which the scanner 1s mounted;

FIG. 5 1s a schematic view showing configurations of the
scanner;

FIG. 6 1s a schematic view showing configuration of an
ASIC provided 1n the scanner;

FIG. 7 1s a circuit diagram of an A/D converter mounted
in the ASIC;

FIGS. 8(a) and 8(b) are schematic views showing how the
upper reference voltage 1s determined according to the
present embodiment, wherein FIG. 8(a) shows an initial
relationship between a temporary upper reference voltage
and a CCD’s generated voltage, and FIG. 8(b) shows a final
relationship between the determined upper reference voltage
and the CCD’s generated voltage;

FIG. 9 1s a flowchart showing the routine for initializing
upper and lower temporary reference voltages set in the
upper and lower storage memories 135 and 13d when power
1s turned on;

FIG. 10 1s a flowchart showing a routine for reading
image from an original document;

FIG. 11 1s a flowchart showing the routine of S12 for
setting the lower reference voltage;

FIG. 12 1s a flowchart showing an interrupt routine for
determining the lower reference voltage;

FIG. 13 1s a flowchart showing the routine of S13 for
setting the upper reference voltage; and

FIG. 14 1s a flowchart showing an interrupt routine for
determining the upper reference voltage.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

An 1mage reading device according to a preferred
embodiment of the present invention will be described while
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referring to the accompanying drawings wherein like parts
and components are designated by the same reference
numerals to avoid duplicating description.

FIG. 2 shows an external perspective view of a multi-
function peripheral device 1 provided with an image scanner
according to the embodiment of the present invention. The
multifunction peripheral device 1 can perform a variety of
functions, such as a facsimile function, a printer function, a

scanner function, a copy function, and a video printer
function.

The multifunction peripheral device 1 includes a box-
shaped housing 2. As shown in FIG. 4, the image scanner 19
of the present embodiment 1s mounted inside the housing 2.
An 1nk jet printer 26 1s mounted also inside the housing 2.
The 1nk jet printer 26 1s capable of printing in full color.

As shown 1n FIG. 2, an operation panel 3 1s provided on
an upper exterior surface of the housing 2. The operation
panel 3 1s provided with a variety of buttons, such as zero to
nine numeric buttons 3a and a start button 3b. A user can
press these buttons to control the device 1 to perform his/her
desired variety of operations. A liquid crystal display (LCD)
6 1s provided on the upper exterior surface of the housing 2
at the rear side of the operation panel 3. The LCD 6 1s for
displaying a variety of operation massages and setting
conditions of the device 1 as necessary.

A document mount portion 4 1s provided on the upper
exterior surface of the housing 2 at the rear side of the LCD
6. A variety of documents G can be stacked on the document
mount portion 4. The variety of documents G, mounted on
the document mount portion 4, are transported inside the
housing 2 so that an 1mage on one surface of the document
G 1s read out by the 1mage scanner 19. A document discharge
portion 9 1s provided below the operation panel 3. The
document G that has their image read by the 1image scanner
19 1s transported to the document discharge portion 9 and
discharged 1nto a stack.

A cassette nsertion portion 5 1s provided to the rear of the
document mount portion 4. Although not shown in the
drawings, a sheet cassette capable of housing a stack of a
plurality of recording sheets P can be detachably attached to
the cassette 1nsertion portion 5. When the sheet cassette 1s
mounted in the cassette 1nsertion portion 3, recording sheets
P are supplied from the sheet cassette to the mk jet printer
26 mside the housing 2. After the supplied recording sheet
P 1s printed on by the 1nk jet printer 26, it 1s discharged onto
a recording sheet discharge port 10, which 1s disposed below
the document discharge portion 9.

As shown 1 FIG. 2, a video signal input terminal 7 1s
provided adjacent to a lower right portion of the recording,
sheet discharge port 10. A video camera, for example, can be
connected to the video signal input terminal 7. The video
signal input terminal 7 is for receiving a video signal (image
data) outputted from the video camera.

Although not shown 1n FIG. 2, the multifunction periph-
eral device 1 1s electrically connected via a cable 54 to a
personal computer 33 as shown i FIG. 3.

FIG. 3 1s a block diagram showing electrical configuration
of the multifunction peripheral device 1. The multifunction
peripheral device 1 includes two separate units, that 1s, a
facsimile unit FU and a printing unit PU, which are con-
nected together by an interface 30.

The facsimile unit FU includes: a CPU 11, a ROM (read
only memory) 12, a RAM (random access memory) 13,
EEPROM (electrically-erasable programmable ROM) 14, a
network controller unit (NCU) 18§, a modem 16, an encoder
17, a decoder 18, the scanner 19, the operation panel 3, the
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LCD 6, the video signal input terminal 7, and a document
sensor 8. These components are connected together by a
facsimile control circuit 20. The facsimile unit FU 1s con-
nected to a remote facsimile device 51 via the NCU 15 and
a telephone circuit 52.

The CPU 11 1s for executing various operations, such as
facsimile operation, scanner operation, copy operation, and
video print operation, of the device 1 through controlling
cach component connected to the facsimile control circuit
20. For example, the CPU 11 executes facsimile operation
based on a variety of signals transmitted and received via the
NCU 15. The ROM 12 previously stores therein a variety of
control programs to be executed by the multifunction
peripheral device 1. The control programs stored in the
ROM 12 include control programs which will be described
later with reference to FIGS. 9-14. The RAM 13 1s for
storing a variety of data. The RAM 13 1s provided with a
variety of memories including: an upper reference voltage
memory 134, an upper storage memory 13b, a lower refer-
ence voltage memory 13c, a lower storage memory 134, an

increase mode flag 13¢, and an 1mage memory 13/. Details
of the memories 13a through 13f will be described later.

The EEPROM 14 1s a rewritable non-volatile memory.
Data stored in the EEPROM 14 1s therefore maintained even
when a power source of the multifunction peripheral device
1 1s turned off. The NCU 135 1s for performing a variety of
operations, such as transmitting dial signals to the telephone
network (telephone circuit) 52 and responding to ring sig-
nals sent from the telephone network (telephone circuit) 52.
The modem 16 1s for modulating 1mage data to be trans-
mitted via the NCU 135 to the remote facsimile device 51 and
for demodulating image data received via the NCU 15 from
the remote facsimile device 51. The modem 16 1s also for
transmitting and receiving, via the NCU 15, a variety of
procedure signals for communication control.

The encoder 17 1s for encoding image data of an original
document G read by the scanner 19 to compress the 1mage
data. The decoder 18 1s for decoding encoded data such as
received facsimile image data. The scanner 19 is for reading
an image from an original document G which 1s inserted 1nto
the multifunction peripheral device 1 through the document
mount portion 4. Details of the scanner 19 will be described
later.

The document sensor 8 1s for detecting presence or
absence of an original document G to be read by the scanner
19. The document sensor 8 detects whether or not any
original document G 1s mounted on the document mount
portion 4.

The printing unit PU includes: a CPU 21; a ROM 22; a
RAM 23; a personal computer interface 24; a character
ogenerator 25; and the ink jet printer 26. All of these
components are connected together by a printer control
circuit 27. The CPU 21 serves as a calculation device for
controlling printing operation. The ROM 22 previously
stores therein control programs and the like to be executed
by the CPU 21. The RAM 23 1s formed with a variety of
work memories that are referred to or updated during
execution of processes by the CPU 21. The RAM 23 1s also
formed with a print memory area for storing print data. The
personal computer interface 24 1s connected to the personal
computer 53 wvia the cable 54. The personal computer
interface 24 1s a parallel interface conforming to Centronics
standards. With using the personal computer interface 24,
the multifunction peripheral device 1 can transmit and
receive data in parallel to and from the personal computer 53

via the cable 54.
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The character generator 25 previously stores therein vec-
tor fonts representative of characters to be printed by the ink
jet printer 26. The 1nk jet printer 26 1s of a type capable of
printing 1n full color.

With the above-described structure, the multifunction
peripheral device 1 performs various functions. For
example, the device 1 performs facsimile operation when a
facsimile original 1s mounted on the document mount por-
fion 4. Image on the facsimile original 1s read out by the
image scanner 19, and data of the read out i1mage 1is
transmitted to the remote facsimile device 51. The device 1
also performs copy operation when a copy document 1s
mounted on the document mount portion 4. Image on the
copy document 1s read out by the image scanner 19, and data
of the read out image 1s printed by the ink jet printer 26 onto
recording sheets P.

The device 1 performs video printing operation when
receiving a video signal via the video signal mput terminal
7. The received video signal 1s printed 1n full color by the 1nk
jet printer 26.

The device 1 also performs scanning operation when a
scanning original 1s mounted on the document mount por-
tion 4. Image on the scanning original 1s read out by the
image scanner 19, and data of the read out 1mage 1is
transmitted to the personal computer 53 via the cable 54.

The device 1 performs printing operation when receiving
print data from the personal computer 53 via the cable 54.
The received print data 1s printed by the ik jet printer 26
onto recording sheets P.

The scanner 19 will be described below 1n greater detail
with referring to FIGS. 4 to 7.

As apparent from FIG. 4, the scanner 19 1s disposed at the
upper front portion of the ink jet printer 26 and below the
operation panel 3. A transport pathway 32 1s formed below
the operation panel 3. Documents G stacked on the docu-
ment mount portion 4 are transported though the transport
pathway 32 one sheet at a time toward the document
discharge portion 9.

A separation roller 33 1s disposed on the transport path-
way 32 at 1its upstream side end in an original transport
direction X. A separation rib 34 1s provided 1n opposition to
and 1n abutting contact with the separation roller 33. Rota-
tion of the separation roller 33 operates 1n association with
the separation rib 34 to separate one original document G at
a time from the stack on the document mount portion 4, and
feeds each separated original document G toward the trans-
port pathway 32.

In the downstream side of the separation roller 33 1n the
original transport direction X, there are disposed: a pair of
transport rollers 35 and 35, a white reference plate 37, and
a pair of discharge rollers 36 and 36 in this order. Each
original document G, fed from the document mount portion
4 by the separation roller 33, is transported by the pair of
transport rollers 35 and 35 along the transport pathway 32 in
a direction from the white reference plate 37 to the pair of
discharge rollers 36 and 36. The original document G 1s then
discharged onto the document discharge portion 9 by the
discharge rollers 36 and 36.

The white reference plate 37 1s a thin plate having at least
one surface colored white. The white reference plate 37 1s
fixedly mounted on the transport pathway 32 with 1ts white
color surface facing downward. The white reference plate 37
defines an 1mage reading position where 1mage 1s read from
cach original document G. Each original document G 1s
transported along the pathway 32 with its surface, desired to
be read, facing downward. When the original document G
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passes the 1mage reading position, 1.€., below the white
reference plate 37, image 1s read out from the lower surface
of the document G.

The scanner 19 includes: a lamp 194, a plurality of
reflection mirrors 195, and a condenser lens 19¢, and a

charge coupled device (CCD) 19d.

The lamp (light source) 194 is disposed below the white
reference plate 37 so that the pathway 32 1s sandwiched
between the lamp 194 and the white reference plate 37. The
lamp 19a 1s for wrradiating, with light, the lower surface of
cach original document G which 1s passing below the white
reference plate 37. The light i1s reflected from the lower
surface of the original document G to form reflection light
R whose 1ntensity corresponds to the image on that surface.

The plurality of reflection mirrors 19b are also disposed
below the white reference plate 37. The reflection mirrors
1956 are for changing the path of the reflection light R to
allow the reflection light R to fall incident on the condenser
lens 19c¢. The condenser lens 19c¢ 1s for gathering the
reflection light R and directs the retflection light R toward the
CCD 19d. The CCD 194 has a plurality of light conversion
clements aligned 1n a line. Each light conversion element of
the CCD 194 is for outputting a voltage value (input voltage
data) corresponding to the intensity of the received reflection
light R. The CCD 19d outputs the input voltage data in the
form of an analog signal.

As shown 1n FIG. 5, the scanner 19 1s also provided with
a motor 19/ for driving the separation roller 33, the pair of

transport rollers 35 and 35, and the pair of discharge rollers
36 and 36. An ASIC (Application Specified Integrated

Circuit) 19¢ is provided in the scanner 19. The ASIC 19e¢ is
for receiving the analog input voltage data outputted from
the CCD 19d. The ASIC 19¢ 1s for converting the received
analog 1nput voltage data into digital numeric data and then
for subjecting the digital numeric data to various 1mage
correction operations to produce 1image data indicative of the
read out 1image.

With this structure, the scanner 19 operates as described
below.

When the motor 19/ drives the separation roller 33, the
pair of transport rollers 35 and 35, and the pair of discharge
rollers 36 and 36, the original document G 1s transported in
the downstream direction indicated by an arrow X shown 1n
FIGS. 4 and 5. Light irradiated onto this original document
G 15 reflected from the surface of the original document G,
and falls incident on the CCD 19d as reflection light R. Each
light conversion element of the CCD 19d converts the
reflection light R into a voltage value (input voltage data)
indicative of the intensity of the reflection light R. The input
voltage data therefore represents a corresponding pixel on
the original image. The mput voltage data 1s supplied from
the CCD 19d to the ASIC 19¢. In the ASIC 19¢, the 1nput
voltage data 1s converted into numeric data, and the numeric
data 1s corrected into 1mage data. The 1mage data 1s trans-
ferred via the facsimile control circuit 20 and 1s written 1nto
the 1mage memory 13/ in the RAM 13. Thus, image of the
original document G 1s read as 1mage data.

The ASIC 19¢ will be described below 1n greater detail.

As shown 1n FIG. 6, the ASIC 19¢ 1ncludes: an A/D
converter 41; a distortion compensation unit 42; a y (gamma)
compensation unit 43; a binarization unit 44; a serial/parallel
converter 45; and a DMA (dynamic memory access) con-

troller 46.

The A/D converter 41 1s for receiving the analog input
voltage data outputted from the CCD 19d. The A/D con-
verter 41 1s for converting the analog input voltage data mnto
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numeric data in the form of an eight bit digital signal and for
outputting the numeric data both to the distortion compen-
sation unit 42 and to the DMA controller 46. The DMA
controller 46 1s for performing a known distortion compen-
sation data production process based on the numeric data
outputted to the DMA controller 46. The distortion com-
pensation unit 42 1s for performing a known distortion
compensation process onto the received numeric data based
on the DMA controller’s produced distortion compensation
data. The distortion compensation unit 42 outputs the

distortion-compensated numeric data to the vy compensation
unit 43.

The vy compensation unit 43 is prestored with y (gamma)
compensation data of a fixed value. The vy compensation unit
43 1s for subjecting the received numeric data to a known v
compensation process with using the v compensation data.

The v compensation unit 43 outputs the v compensated data
to the binarization unit 44.

The binarization unit 44 1s for receiving the distortion-
compensated and y-compensated numeric data, and for
binarizing the received numeric data into binary data

through a simple binarization method or an error-diffusion
binarization method. The binarization unit 44 outputs the
produced binary data one bite at a time to the serial/parallel
converter 43.

The serial/parallel converter 45 1s for gathering the
serially-supplied binary data into eight bit units, and for
outputting each group of eight bit unit to the DMA controller
46 as one bite of 1mage data. The DMA controller 46 outputs
cach single bite of image data to the facsimile control circuit
20, which 1n turn writes the received 1mage data 1in the 1mage
memory 137.

It 1s noted that the distortion-compensated and
v-compensated numeric data can be outputted directly to the
DMA controller 46 from the v compensation unit 43 without
passing through the binarization unit 44 and the serial/
parallel converter 45. In this case, one dot data 1s constructed
from eight bit multilevel data, and 1s supplied via the
facsimile control circuit 20 to the 1mage memory 13f.

Thus, the document 1mage 1s retrieved as analog input
voltage data by the CCD 19d, converted into eight bit
numeric data by the A/D converter 41, and then converted
into 1mage data by the above-described various processes

attained by the units 4245 or 42-43. The 1image data 1s then
temporarily stored in the 1mage memory 13/.

The 1mage memory 13/, provided in the RAM 13, serve
to temporarily store the image data of the document G.
During the facsimile mode, the 1mage data will be transmiut-
ted to the remote facsimile device 51. During the copy mode,
the 1mage data will be printed out on the recording sheets P.
During the scanner mode, the 1mage data will be supplied
via the cable 54 to the personal computer 53.

The A/D converter 41 will be described below 1n greater
detail while referring to FIG. 7.

The A/D converter 41 1ncludes: an eight bit A/D converter
41a, and a pair of six bit D/A converters 415 and 41c. The
cight bit A/D converter 41a 1s for converting the analog
voltage value (input voltage data) inputted from the CCD
19d 1nto digital eight bit numeric data and for outputting the
eight bit numeric data.

The D/A converter 41b 1s for receiving, via the facsimile
control circuit 20, an upper reference value (six bit numeral
value) stored in the upper reference voltage memory 13a,
and for generating an analog upper reference voltage whose
value corresponds to the received upper reference value.

The D/A converter 41b 1s provided with: three input
terminals Din, VretH, and Vrefl, and one output terminal
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Vout. The input terminal Din 1s for receiving the six bit
numeric value of the upper reference data from the upper
reference voltage memory 13a. The 1nput terminal VrefH 1s
continuously applied with an analog voltage of four (4)
volts. The input terminal Vrefl 1s continuously applied with
an analog voltage of two (2) volts. The D/A converter 415
1s designed to convert the received six bit numeric value
(digital value) of the upper reference data into analog
voltage data and to output, at the output terminal Vout, the
analog voltage data as the upper reference voltage. More
specifically, when the received digital upper reference value
1s “00h,” the output terminal Vout outputs an upper reference
voltage of two (2) volts. When the received digital upper
reference value 1s “3Fh,” the output terminal Vout outputs an
upper reference voltage of four (4) volts. In this way, the
D/A converter 41b can change the upper reference voltage,
to be outputted from the output terminal Vout, 1n accordance

with changes 1n the received digital upper reference value.

The other D/A converter 41c 1s for receiving, via the
facsimile control circuit 20, a lower reference value (six bit
numeric value) stored in the lower reference voltage
memory 13c¢, and for generating an analog lower reference
voltage whose value corresponds to the received lower
reference value.

The D/A converter 41c 1s provided with: three input
terminals Din, VretH, and Vrefl., and one output terminal
Vout. The input terminal Din 1s for receiving the six bit
numeric value of the lower reference data from the lower
reference voltage memory 13c¢. The 1nput terminal VretH 1s
continuously applied with an analog voltage of one (1) volt.
The 1nput terminal Vrefll 1s continuously applied with an
analog voltage of zero (0) volt. The D/A converter 41c is
designed to convert the received six numeric value (digital
value) of the lower reference data into analog voltage data
and to output, at the output terminal Vout, the analog voltage
data as the lower reference voltage. More specifically, when
the received digital lower reference value 1s “00h,” the
output terminal Vout outputs a lower reference voltage of
zero (0) volt. When the received digital upper reference
value 1s “3Fh,” the output terminal Vout outputs a lower
reference voltage of one (1) volt. In this way, the D/A
converter 41¢ can change the lower reference voltage, to be
outputted from the output terminal Vout, in accordance with
changes 1n the received digital lower reference value.

The A/D converter 41a 1s for receiving the analog upper
reference voltage from the D/A converter 415 and for
receiving the analog lower reference voltage from the D/A
converter 41c. The A/D converter 41a 1s also for receiving
the analog 1input voltage data generated by the CCD 19d. The
A/D converter 41a 1s for converting the analog input voltage
data into eight bit digital numeric data (hexadecimal
numeric data) through the already-described formula (1)
with using the received upper and lower reference voltages.
The A/D converter 41a 1s also for comparing the input
voltage data with the upper reference voltage, and for
ogenerating an overflow detection signal when the input
voltage data 1s higher than the upper reference voltage. The
A/D converter 41a 1s also for comparing the input voltage
data with the lower reference voltage, and for generating an
underflow detection signal when the 1nput voltage data 1s
lower than the lower reference voltage.

The A/D converter 4la 1s provided with: three input
terminals Vin, VrefH, and Vrefl, and three output terminals
Dout, OV and UN. The mnput terminal Vin is for receiving
the analog voltage value (input voltage data) inputted from
the CCD 19d. The input terminal VrefH 1s for receiving the
upper reference voltage supplied from the D/A converter
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41b. The mput terminal Vrefll 1s for receiving the lower
reference voltage supplied from the D/A converter 41c. The
A/D converter 41a 1s designed to convert the analog input
voltage data, received at the terminal Vin, into hexadecimal
numeric data of “00h” to “FFh” according to the formula (1)
with using the upper and lower reference voltages inputted

to the terminals VrefH and VreflL. The A/D converter 41a
outputs the thus obtained hexadecimal numeric data via the
output terminal Dout, which 1s connected to the distortion
compensation unit 42 and to the DMA controller 46. The
A/D converter 41a 1s also designed to produce an overtlow
detection signal when the mput voltage data 1s higher than
the upper reference voltage and to produce an undertlow
detection signal when the input voltage data 1s lower than the
lower reference voltage. The A/D converter 41a outputs the
overflow detection signal via the output terminal OV, which
1s connected to the facsimile control circuit 20. The A/D
converter 41a outputs the underflow detection signal via the
output terminal UN, which 1s also connected to the facsimile
control circuit 20.

For example, when the input terminal Vin receives input
analog voltage data equal to the upper reference voltage
inputted via the terminal VrefH, then the output terminal
Dout will output a hexadecimal number of “FFh”. When the
input terminal Vin receives input analog voltage data equal
to the lower reference voltage inputted via the terminal
Vreil, then the output terminal Dout will output another
hexadecimal number of “00h”. When the mnput terminal Vin
receives mnput analog voltage data which 1s equal to a central
value between the upper and lower reference voltages, then
the output terminal Dout will output still another hexadeci-
mal number of “80h,” which 1s a central value between the
hexadecimal numbers of “00h” and “FFh”. When the 1nput
terminal Vin receives mput analog voltage data higher than
the upper reference voltage, then the output terminal OV
will output an overflow detection signal. When the input
terminal Vin receives nput analog voltage data lower than
the lower reference voltage, then the output terminal UN
will output an underflow detection signal.

The upper reference voltage memory 13a 1s for storing the
upper reference value and for supplying the upper reference
value to the D/A converter 41b via the facsimile control
circuit 20 so that the D/A converter 41b can generate the
upper reference voltage whose value corresponds to the
upper reference value.

The upper reference value 1s used for causing the D/A
converter 415 to produce the upper reference voltage so that
the A/D converter 41a can properly convert the input voltage
data into eight bit numeric data through the formula (1) with
using the upper reference voltage. It 1s noted that the upper
reference voltage memory 13a 1s designed to update the
upper reference value each time the device 1 1s to perform
the facsimile function, the copy function, or the scanner
function. More specifically, every time the device 1 1is
instructed to perform the facsimile function, the copy
function, or the scanner function, the device 1 starts execut-
ing an 1mage reading process of FIG. 10, 1n which the upper
reference value 1s newly updated 1n the process of S13.

In the process of S13, in order to update the upper
reference value, an interrupt routine shown i FIG. 14 1s
repeatedly executed. During this interrupt routine, the upper
reference value 1s used to cause the D/A converter 41b to
produce a temporary upper reference voltage whose value
corresponds to the upper reference value. The upper refer-
ence value 1n the memory 13a 1s repeatedly changed so that
the temporary upper reference voltage repeatedly changes
until finally reaching such a value as properly corresponds to

10

15

20

25

30

35

40

45

50

55

60

65

12

the present characteristic of the CCD 194 under its light
illuminated condition. The finally-obtained value 1s set as
the newly-updated upper reference value to be used in the
present 1mage reading operation.

The upper storage memory 13b 1s for storing the upper
reference value thus updated in the process of S13 1n each
image reading process of FIG. 10. The upper reference
value, thus stored 1n the memory 135 at each 1image reading
process, will be used during 1ts next image reading process
as an 1nitial value for causing the D/A converter 41b to
mitially produce the temporary upper reference voltage.
Accordingly, during the updating process of S13 1n the next
image reading process of FIG. 10, the D/A converter 415
will first produce the temporary upper reference voltage,
whose value corresponds to the value set 1n the memory 135
in the present process.

The lower reference voltage memory 13c 1s for storing the
lower reference value and for supplying the lower reference
value to the D/A converter 41c via the facsimile control
circuit 20 so that the D/A converter 41c can generate the
lower reference voltage whose value corresponds to the
lower reference value.

The lower reference value 1s used for causing the D/A
converter 41¢ to produce the lower reference voltage so that
the A/D converter 41a can properly convert the input voltage
data into eight bit numeric data through the formula (1) with
using the lower reference voltage. It 1s noted that the lower
reference voltage memory 13c 1s designed to update the
lower reference value each time the device 1 is to perform
the facsimile function, the copy function, or the scanner
function. More specifically, every time the device 1 1is
instructed to perform the facsimile function, the copy
function, or the scanner function, the device 1 starts execut-
ing an 1mage reading process of FIG. 10, 1n which the lower
reference value 1s newly updated 1n the process of S12.

In the process of S12, mn order to update the lower
reference value, an interrupt routine shown i FIG. 12 is
repeatedly executed. During this interrupt routine, the lower
reference value 1s used to cause the D/A converter 41c to
produce a temporary lower reference voltage whose value
corresponds to the lower reference value. The lower refer-
ence value 1n the memory 13c 1s repeatedly changed so that
the temporary lower reference voltage repeatedly changes
until finally reaching such a value as properly corresponds to
the present characteristic of the CCD 19d under its dark
condition. The finally-obtained value 1s set as the newly-
updated lower reference value to be used in the present
image reading operation.

The lower storage memory 13d 1s for storing the lower
reference value thus updated in the process of S12 1n each
image reading process of FIG. 10. The lower reference
value, thus stored 1n the memory 134 at each 1mage reading
process, will be used during 1ts next 1mage reading process
as an 1nitial value for causing the D/A converter 41c to
initially produce the temporary lower reference voltage.
Accordingly, during the updating process of S12 1n the next
image reading process of FIG. 10, the D/A converter 41c
will first produce the temporary lower reference voltage,
whose value corresponds to the value set 1n the memory 13d
in the present process.

The mncrease mode flag 13¢ 1s for indicating whether the
temporary upper and lower reference voltages should be
increased or decreased during the interrupt routines of FIGS.
12 and 14. When the increase mode flag 13¢ 1s turned on, the
temporary upper and lower reference voltages will be
increased. When the increase mode flag 13¢ 1s turned off, on




US 6,195,179 Bl

13

the other hand, the temporary upper and lower reference
voltages will be decreased. It 1s noted that the increase mode
flag 13e¢ 1s mitially set 1n the ON condition at the start of the
upper reference value updating process of S13. The increase
mode flag 13¢ 1s 1nitially set in the OFF condition at the start 5
of the lower reference value updating process of S12.

With the above-described structure, the facsimile unit FU
in the device 1 operates as described below while referring
to the flowcharts shown 1n FIGS. 9 to 14.

When power of the device 1 1s turned ON, the facsimile
unit FU starts a reference voltage initialization routine
shown 1 FIG. 9. In this routine, upper and lower reference
values are 1nitialized to be stored i1n the upper and lower
storage memories 13b and 13d. That is, 1n S1, the minimum
six bit numeral value of “00h” in the range of “00h” to “3Fh” 1°
1s set 1n the upper storage memory 13b. In S2, the maximum
six bit numeral value “3Fh” in the same range 1s set 1n the
lower storage memory 13d. Then, the 1nitialization routine 1s

ended.

Every time when the facsimile unit FU 1s instructed to
perform the facsimile operation, the copy operation, or the
scanner operation, the facsimile unit FU starts executing the
image reading process of FIG. 10. This image reading
process 1s executed for reading image from an original
document G desired to be subjected to the instructed opera-
tion.

10
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When this image reading routine of FIG. 10 1s started, the
motor 19/ 1s first energized 1n S11 to drive the separation
roller 33 and the transportation rollers 35 and 35 to start
transporting a first page of the original document G to a
document set position. It 1s noted that the document set
position 1s located directly before the image reading position
where the white reference plate 37 1s located.
Simultaneously, the CCD 19d 1s also energized into a
condition capable of converting received light into analog
input voltage data.

30

35

While the first page of the original document G 1s being
transported toward the document set position by the rollers
33 and 335, processes of S12 and S13 are executed for setting 4,
or updating the lower and upper reference voltages. After the
lower and upper reference voltages are set 1n S12 and S13,
the A/D converter 41 1s brought 1nto a condition capable of
properly converting input voltage data 1ssued from the CCD
194 1mto numeric data. 45

Accordingly, after the upper and lower reference voltages
have been set 1n S12 and S13 and when the first page of the
original document G reaches the document set position, the
program proceeds to S14. In S14, image 1s read out from the
page ol the original document G that 1s being transported sg
through the i1mage reading position. During this image
reading process of S14, the original document 1mage 1s first
read as input voltage data by the CCD 19d, and then 1is
converted 1nto numeric data by the A/D converter 41
through the formula (1) with using the lower and upper 55
reference voltages set 1 S12 and S13. Then, the numeric
data 1s subjected to distortion compensation and v compen-
sation by the elements 42 and 43, subjected to binarization
by the element 44, and then written 1n the 1mage memory 13/
as 1mage data. 60

When 1mage from one page of the original document G
has been completely read, the program proceeds to S15, in
which 1t 1s judged, based on a signal supplied from the
document sensor 8, whether or not there 1s another page of
the original document G to be read. If there exists another 65
succeeding page (Yes in S15), then the process of S14 is
repeated to read 1mage from the next page of the document

14

G. On the other hand, when there is no succeeding page (No
in S15), it is determined that retrieval of the entire pages of
the original document G mounted on the document mount
portion 4 has been completed. Accordingly, the image
reading routine of FIG. 10 1s ended.

The above-described 1image reading routine of FIG. 10 1s
repeatedly executed every time a certain original document
G 15 mounted on the document mount portion 4 to be read

for facsimile operation, copy operation, or scanner opera-
tion.

The lower reference voltage setting process of S12 will be
described below with reference to FIG. 11.

During this process, the lamp 194 1s first turned OFF 1n
S21 to bring the CCD 194 1nto a dark condition to output its
lower limit voltage as the input voltage data. All the light
conversion elements 1 the CCD 19d output the input
voltage data (lower limit voltage) of the same value. The
input voltage data 1s inputted to the terminal Vin of the A/D
converter 41a. Next in S22, a six bit numeral value, which
1s presently being stored in the lower storage memory 13d,
1s written 1nto the lower reference voltage memory 13c. The
D/A converter 41c¢ 1s caused to generate a lower reference
voltage (temporary lower reference voltage) whose amount
corresponds to the numeral value thus stored in the memory
13c. It 1s noted that when the present image reading routine
of FIG. 10 1s executed at a first time after the device 1 has
been turned ON, the lower storage memory 13d presently
stores therein the minimum six bit numeral value of “00h”.
Accordingly, the value of “00h™ 1s written 1to the lower
reference voltage memory 13c. The D/A converter 41c
generates zero (0) volt. When the present image reading
routine of FIG. 10 1s executed after the image reading
routine has been executed one or more times after the device
1 was turned ON, the lower storage memory 13d presently
stores a lower reference value (six bit numeral value), which
has been set 1n S12 of a previous 1mage reading routine
which has been performed prior to the present routine most
recently. Accordingly, the lower reference voltage memory
13c 1s written with a lower reference value mdicative of a
lower reference voltage used in the previously-executed
image reading routine.

Next, in S23, the mcrease mode flag 13e 1s turned OFF.
Then, 1n S24, an interrupt routine of FIG. 12 1s started to
determine a lower reference voltage proper to the present
condition of the CCD 19d. The present routine 1s placed into
a standby condition (No in S25) until the interrupt routine is
terminated. When 1t 1s determined that the interrupt routine
is terminated (Yes in S25), then the program proceeds to
S26, 1n which the lower reference value, which 1s now being
set 1n the lower reference voltage memory 13c, 1s written 1n
the lower storage memory 13d. Then, the process of FIG. 11
1s ended, and the program proceeds to S13 1 FIG. 10.

The interrupt routine, which is started 1in S24, will be
described below 1n greater detail with reference to FIG. 12.

The interrupt routine 1s executed repeatedly and periodi-
cally at a predetermined time interval until reaching an
interrupt terminating process of S38 as will be described
later.

At the start of the interrupt routine, the condition of the
increase mode flag 13¢ 1s investigated 1n S31. It 1s noted that
when the presently-executed interrupt routine 1s executed
first after the interruption starting process of S24, the
increase mode flag 13¢ 1s in the OFF condition. When the
increase mode flag 13e is in the OFF condition (Yes in S31),
then the program proceeds to S32. In S32, 1t 1s judged
whether or not the terminal UN of the A/D converter 41a
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outputs an underflow detection signal. If some undertlow
detection signal is outputted (Yes in S32), the program
proceeds to S33. In S33, the lower reference value, presently
stored 1n the lower reference voltage memory 13c, 1s dec-
remented by one (1) (six bit numeral value), in order to
decrease, by a corresponding one level, the temporary lower
reference voltage to be generated at the D/A converter 41c.
As a result, the temporary lower reference voltage 1s

decreased by a level of (1-0)/256 volts. At this point, the
present mterrupt routine 1s ended.

After the predetermined time has elapsed from the end of
the interrupt routine, the interrupt routine 1s executed again.
When the mterrupt routine 1s started at this time, the
temporary lower reference voltage, which 1s being generated
by the D/A converter 41¢ and whose value has been reduced
by one level during the previously-executed interrupt
routine, has sufficiently stabilized. It is therefore possible to
accurately investigate, in S32 at the present interrupt routine,
whether or not the presently-set temporary lower reference
voltage causes undertlow.

During the process of S32, when no underflow detection
signal is outputted (No in S32), it i1s determined that the
temporary lower reference voltage becomes smaller than the
input voltage being generated by the CCD 19. Therefore, the
program proceeds to S34, wherein the increase mode flag,
13¢ 1s turned ON so that the temporary lower reference
voltage can be 1ncreased. Afterward, it 1s again confirmed in
S35 whether or not any underflow detection signal 1s out-
putted. If no underflow detection signal 1s outputted at this

time (No in S35), then the program proceeds to S36. In S36,
the lower reference value, presently stored in the lower
reference voltage memory 13c, is incremented by one (six
bit numeral value). As a result, the temporary lower refer-
ence voltage, which has been temporarily smaller than the
CCD’s generated 1nput voltage, 1s increased by one level.
Then, the present interrupt routine 1s ended.

In the process of S31, when it 1s determined that the
increase mode flag 13e is in the ON condition (No in S31),
the program directly proceeds to S35. In S35, 1t 1s judged
whether or not any undertlow detection signal 1s detected. If
some underflow detection signal is detected (Yes in S35),
then 1t 1s determined that the temporary lower reference
voltage, which has once become smaller than the CCD’s
generated input voltage, 1s again increased to become greater
than the CCD’s generated 1nput voltage. Accordingly, the
program proceeds to S37, wherein the lower reference value,
presently being stored i1n the lower reference voltage
memory 13c, is decremented by one (1) (six bit numeral
value). The thus obtained lower reference value properly
corresponds to the CCD’s present characteristic under the
dark condition. That 1s, the obtained lower reference value
1s such a value that can allow the D/A converter 41c to
ogenerate a lower reference voltage whose value 1s substan-
tially equal to the input voltage presently being generated by
the CCD 19d under the dark condition. The lower reference
value 1s therefore set 1n the lower reference voltage memory

13c.

Next, in S38, the interrupt routine 1s terminated, upon
which the judgment 1n S25 1n FIG. 11 becomes affirmative
(Yes in S25), and the program proceeds to S26. In S26, the
lower reference value, thus finally set in S37 1n the lower
reference voltage memory 13c, 1s written also 1nto the lower
storage memory 13d. Then, the lower reference voltage
setting process of S12 1s ended. During the 1mage reading
process of S14 to be executed thereafter, the D/A converter
41c will continuously generate the lower reference voltage
whose amount corresponds to the lower reference value
finally set in the lower reference voltage memory 13c¢ 1in S37.
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As described above, by repeatedly executing the interrupt
routine of FIG. 12, the lower reference value can be finally

determined to properly represent the present characteristic of
the CCD 194 in the dark condition. The thus determined
lower reference value 1s set 1n the lower reference voltage
memory 13c 1n S37 and also stored in the lower storage
memory 134 1n S26. The lower reference value set 1n the
lower reference voltage memory 13c 1s supplied to the
terminal Din of the D/A converter 4lc, which 1n turn
supplies the A/D converter 41a with the lower reference
voltage whose amount corresponds to the finally-determined
lower reference value.

Thus, during the mterrupt routine of FIG. 12, the lower
reference value stored i1n the lower reference voltage
memory 13c 1s used for indicating the amount of the
temporary lower reference voltage to be repeatedly changed.
The lower reference value finally determined 1n the 1nterrupt
routine 1s set also in the lower reference voltage memory
13c. Accordingly, during the 1mage reading process of S14,
the lower reference value stored in the lower reference
voltage memory 13c¢ 1s used for indicating the lower refer-
ence voltage capable of properly converting the CCD’s
ogenerated mput voltage data to numeric data.

The lower reference value finally determined in the inter-
rupt routine 1s stored also 1n the lower storage memory 13d
in S26. After one 1mage reading process 1s ended and when
the next image reading routine of FIG. 10 1s started, the
lower reference value, presently stored in the lower storage
memory 13d, 1s used as an initial value for mitially setting
the temporary lower reference voltage to be used, during the
interrupt routine, to update the lower reference voltage.
Thus, in each 1mage reading process of FIG. 10, the tem-
porary lower reference voltage 1s 1nitially set equal to the
lower reference voltage determined and used 1n the
previously-executed 1image reading process. Accordingly, it
becomes possible to reduce the number of times the tem-
porary lower reference voltage has to be changed before
finally determining the lower reference voltage. It becomes
possible to reduce the number of times the mterrupt routine
of FIG. 12 has to be executed. Accordingly, the lower
reference voltage can be determined within a short period of
time.

As described above, 1n the lower reference voltage setting
process of FIG. 11, the lamp 1s first turned OFF 1n S21, and
the lower reference voltage memory 13c 1s written with the
lower reference value, which 1s presently stored 1n the lower
storage memory 135 and which has been determined and set
as the lower reference value during the previously-executed
image reading process. The increase mode flag 1s turned
OFF 1n 523, and the interrupt routine of FIG. 12 1s started
in S24 to determine the lower reference voltage to be used
in the present 1mage reading process. When the lower
reference value 1s finally determined, the interrupt routine 1s
terminated 1n S25, and the lower reference value 1s stored 1n
the lower reference voltage memory 13c. The lower refer-
ence value 1s stored also 1 the lower storage memory 13d
in S26. The lower storage memory 13d will be used 1n the
next 1mage reading process as a memory storing a lower
reference value indicative of a temporary lower reference
voltage to be 1nitially set during the interrupt routine in that
image reading process. That 1s, in the next image reading
process, the lower reference value, stored 1in the lower
storage memory 13d, will be written into the lower reference
voltage memory 13c 1n S22. Accordingly, the D/A converter
41c will initially output a temporary lower reference voltage
corresponding to that lower reference value. The lower
reference voltage proper for being used in the present image
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reading process can be determined within a short period of
time through repeatedly changing the temporary lower ref-
erence voltage from the thus initially-set value.

The upper reference voltage setting process of S13 will be
described below with reference to FIG. 13.

During this process, the lamp 194 1s first turned ON 1n S41
to bring the CCD 19d 1nto a bright condition to output its
upper limit voltage as the input voltage data. All the light
conversion elements 1n the CCD 19d therefore output the
input voltage data (upper limit voltage) of the same value.
The 1mput voltage data 1s inputted to the mput terminal Vin
of the A/D converter 41a. Next 1n S42, a six bit numeral
value, which 1s presently being stored 1n the upper storage
memory 13b, 1s written 1nto the upper reference voltage
memory 13a. The D/A converter 415 1s caused to generate
an upper reference voltage (temporary upper reference
voltage) whose amount corresponds to the numeral value
thus stored 1n the memory 13a. It 1s noted that when the
present image reading routine of FIG. 10 1s executed at a first
fime after the device 1 has been turned ON, the upper storage
memory 13b presently stores therein the maximum six bit
numeral value of “3Fh”. Accordingly, the value of “3Fh” 1s
written 1nto the upper reference voltage memory 13a. The
D/A converter 41b generates four (4) volts. When the
present 1mage reading routine of FIG. 10 1s executed after
the 1mage reading routine has been executed one or more
fimes after the device 1 was turned ON, the upper storage
memory 13b presently stores an upper reference value (six
bit numeral value), which has been set in S13 of a previous
image reading routine which has been performed prior to the
present routine most recently. Accordingly, the upper refer-
ence voltage memory 134 1s written with an upper reference
value imndicative of an upper reference voltage used 1n the
previously-executed image reading routine.

Next, in S43, the increase mode flag 13¢ 1s turned ON.
Then, 1n S44, an mnterrupt routine of FIG. 14 is started to
determine an upper reference voltage proper to the present
condition of the CCD 19d. The present routine 1s placed nto
a standby condition (No 1n S45) until the interrupt routine is
terminated. When 1t 1s determined that the interrupt routine
is terminated (Yes in S45), then the program proceeds to
S46, 1n which the upper reference value, which 1s now being
set 1n the upper reference voltage memory 134, 1s written 1n
the upper storage memory 13b. Then, the process of FIG. 13
1s ended, and the program proceeds to S14 1n FIG. 10.

The interrupt routine, which 1s started 1n S44, will be
described below 1n greater detail with reference to FIG. 14.

The interrupt routine 1s executed repeatedly and periodi-
cally at the predetermined time interval until reaching an
interrupt terminating process of S58 as will be described
later.

At the start of the interrupt routine, the condition of the
increase mode flag 13¢ 1s investigated 1n S51. It 1s noted that
when the presently-executed interrupt routine 1s executed
first after the interruption starting process of S44, the
increase mode flag 13e 1s 1n the ON condition. When the
increase mode flag 13¢ is in the ON condition (Yes in S51),
then the program proceeds to S52. In S52, it 1s judged
whether or not the terminal OV of the A/D converter 41a
outputs an overflow detection signal. If some overflow
detection signal is outputted (Yes in S52), the program
proceeds to S53. In S583, the upper reference value, presently
stored 1n the upper reference voltage memory 134, 1s 1ncre-
mented by one (1) (six bit numeral value), in order to
increase, by a corresponding one level, the temporary upper
reference voltage to be generated at the D/A converter 41b.

10

15

20

25

30

35

40

45

50

55

60

65

138

As a result, the temporary upper reference voltage 1s
increased by one level of (4-2)/256 volts. At this point, the
present 1nterrupt routine 1s ended.

After the predetermined time has elapsed from the end of
the interrupt routine, the interrupt routine 1s executed again.
When the interrupt routine 1s started at this time, the
temporary upper reference voltage, which 1s being generated
by the D/A converter 41b and whose value has been
increased by one level during the previously-executed inter-
rupt routine, has sufficiently stabilized. It 1s therefore pos-
sible to accurately investigate, in S52 at the present interrupt
routine, whether or not the presently-set temporary upper
reference voltage causes overtlow.

During the process of S52, when no overtlow detection
signal is outputted (No in S52), it 1s determined that the
temporary upper reference voltage becomes greater than the
input voltage being generated by the CCD 19. Therefore, the
program proceeds to S54, wherein the increase mode flag
13¢ 1s turned OFF so that the temporary upper reference
voltage can be decreased. Afterward, it 1s again confirmed 1n
S55 whether or not any overtlow detection signal 1s output-
ted. If no overflow detection signal 1s outputted at this time
(No in S8§5), then the program proceeds to S56. In S56, the
upper reference value, presently stored 1n the upper refer-
ence voltage memory 134, is decremented by one (six bit
numeral value). As a result, the temporary upper reference
voltage, which has been temporarily greater than the CCD’s
cgenerated 1input voltage, 1s decreased by one level. Then, the
present 1nterrupt routine 1s ended.

In the process of S51, when 1t 1s determined that the
increase mode flag 13e¢ is in the OFF condition (No in S51),
the program directly proceeds to S55. In S58§, 1t 1s judged
whether or not any overflow detection signal 1s detected. If
some overflow detection signal 1s detected (Yes 1n S55), then
it 1s determined that the temporary upper reference voltage,
which has once become greater than the CCD’s generated
input voltage, 1s again decreased to become smaller than the
CCD’s generated mnput voltage. Accordingly, the program
proceeds to S57, wherein the upper reference value, pres-
ently being stored in the upper reference voltage memory
13a, is incremented by one (six bit numeral value). The thus
obtained upper reference value properly corresponds to the
CCD’s present characteristic under the bright condition.
That 1s, the obtained upper reference value 1s such a value
that can allow the D/A converter 41b to generate an upper
reference voltage whose value 1s substantially equal to the
input voltage presently being generated by the CCD 19d
under the bright condition. The upper reference value 1s
therefore set in the upper reference voltage memory 13a.

Next, in S58, the interrupt routine 1s terminated, upon
which the judgment 1n S45 1n FIG. 13 becomes affirmative
(Yes in S45), and the program proceeds to S46. In S46, the
upper reference value, thus finally set in S57 1n the upper
reference voltage memory 134, 1s written also 1nto the upper
storage memory 13b. Then, the upper reference voltage
setting process of S13 1s ended. During the image reading
process of S14 to be executed thereafter, the D/A converter
41b will continuously generate the upper reference voltage
whose amount corresponds to the upper reference value

finally set 1n the upper reference voltage memory 134 in
S57.

As described above, by repeatedly executing the interrupt
routine of FIG. 14, the upper reference value can be finally

determined to properly represent the present characteristic of
the CCD 19d 1n the bright condition. The thus determined
upper reference value 1s set 1n the upper reference voltage
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memory 13a 1n S57 and also stored in the upper storage
memory 13b 1n S46. The upper reference value set 1n the
upper reference voltage memory 13a 1s supplied to the
terminal Din of the D/A converter 415, which 1n turn
supplies the A/D converter 41a with the upper reference
voltage whose amount corresponds to the finally-determined
upper reference value.

Thus, during the interrupt routine of FIG. 14, the upper
reference value stored i1n the upper reference voltage
memory 13a 1s used for imdicating the amount of the
temporary upper reference voltage to be repeatedly changed.
The upper reference value finally determined 1n the interrupt
routine 1s set also 1n the upper reference voltage memory
13a. Accordingly, during the image reading process of S14,
the upper reference value stored i1n the upper reference
voltage memory 134 1s used for indicating the upper refer-
ence voltage capable of properly converting the CCD’s
generated mput voltage data to numeric data.

The upper reference value finally determined 1n the inter-
rupt routine 1s stored also in the upper storage memory 135
in S46. After one 1mage reading process 1s ended and when
the next 1mage reading routine of FIG. 10 1s started, the
upper reference value, presently stored in the upper storage
memory 13b, 1s used as an 1nitial value for mmtially setting
the temporary upper reference voltage to be used, during the
interrupt routine, to update the upper reference voltage.
Thus, 1n each 1image reading process of FIG. 10, the tem-
porary upper reference voltage 1s 1nitially set equal to the
upper reference voltage determined and used in the
previously-executed 1image reading process. Accordingly, it
becomes possible to reduce the number of times the tem-
porary upper relerence voltage has to be changed before
finally determining the upper reference voltage. It becomes
possible to reduce the number of times the interrupt routine
of FIG. 12 has to be executed. Accordingly, the upper
reference voltage can be determined within a short period of
fime.

As described above, 1n the upper reference voltage setting
process of FIG. 13, the lamp 1s first turned ON 1n S41, and
the upper reference voltage memory 13a 1s written with the
upper reference value, which 1s presently stored 1n the upper
storage memory 135 and which has been determined and set
as the upper reference value during the previously-executed
image reading process. The increase mode flag 1s turned ON
in S43, and the interrupt routine of FIG. 14 1s started 1n S44
to determine the upper reference voltage to be used 1n the
present 1mage reading process. When the upper reference
value 1s finally determined, the interrupt routine 1s termi-
nated 1n S45, and the upper reference value 1s stored 1n the
upper reference voltage memory 13a. The upper reference
value 1s stored also 1n the upper storage memory 135 1n 546.
The upper storage memory 13b will be used in the next
image reading process as a memory storing an upper refer-
ence value indicative of a temporary upper reference voltage
to be mitially set during the interrupt routine in that image
reading process. That 1s, 1in the next image reading process,
the upper reference value, stored i1n the upper storage
memory 13b, will be written 1nto the upper reference value
memory 13a m S42. Accordingly, the D/A converter 415
will initially output a temporary upper reference voltage
corresponding to that upper reference value. The upper
reference voltage proper for being used 1n the present image
reading process can be determined within a short period of
fime through repeatedly changing the temporary upper rel-
erence voltage from the thus initially-set value.

With the above-described control operation, in each
image reading process of FIG. 10, the upper reference
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voltage can be determined in a manner shown in FIGS. 8(a)
and 8(b) during the upper reference voltage setting process
of S13. As shown in FIG. 8(a), the CCD 19d produces an
input voltage 71 upon receiving light R reflected from the
white reference plate 37. The D/A converter 415 initially
outputs a temporary upper reference voltage 72 based on the
upper reference value presently stored 1n the upper storage
memory 13b. The upper reference value, stored 1n the upper
storage memory 13b, 1s equal to the upper reference value
which has been finally determined during the previously-
and most recently- executed i1mage reading process.
Accordingly, the 1nitially-generated temporary upper refer-
ence voltage 72 1s sufliciently near to the CCD’s generated

voltage 71.

During the interrupt routines 1n the process of S13, the
temporary upper reference voltage 1s changed one level at a
time from the initial level 72 until finally reaching the level
73 that 1s substantially equal to the input voltage 71 and that
can cause no overflow detection signal as shown 1 FIG.
8(b). Because the initial value 72 is near to the CCD’s
generated value, a difference between the initial value 72
and the finally-determined value 73 1s sufliciently small that
the final value 73 can be obtained through execution of the
small number of iterrupt routines. The upper reference
voltage 73 can be determined within a short period of time.
The lower reference voltage can also be determined within
a short period of time for the same reason as described
above.

As described above, according to the present
embodiment, the processes of FIGS. 11-14 serve to set
upper and lower reference voltages to be used 1n each 1mage
reading process of FIG. 10. The processes 1n S32 and 1n S35
serve to compare the input voltage generated by the CCD 19
with the temporary lower reference voltage outputted from
the D/A converter 41c. The processes 1n S52 and 1n S55
serve to compare the mput voltage generated by the CCD 19
with the temporary upper reference voltage outputted from
the D/A converter 41b. The processes of S36 and S33 serve
to 1ncrease the temporary lower and upper reference volt-
ages. The processes of S33 and S56 serve to decrease the
temporary lower and upper reference voltages. The pro-
cesses of S37 and S57 serve to finally determine the lower
and upper reference voltages. The processes of S22 and S42
serve to 1nitially set the temporary lower and upper reference
voltages.

With the above-described control, the A/D converter 41 of
the present embodiment determines the lower and upper
reference voltages through the interrupt routines of S12 and
S13. More speciifically, the A/D converter 41 changes the
lower and upper temporary reference voltages 1in accordance
with changes 1n the lower and upper reference values 1n the
memories 13¢ and 13a until the A/D converter 41 can finally
produce lower and upper reference voltages proper to con-
vert the analog voltage from the CCD 19d into eight bit
numeric data. During the image reading process of S14, the
A/D converter 41 properly converts the analog voltage data
from the CCD 19d 1nto eight bit numeric data with using the
thus determined lower and upper reference voltages through
the already-described formula (1).

As described above, according to the present
embodiment, the CCD reads an original image by convert-
ing the original image 1nto voltage data. The D/A converters
4156 and 41c supply reference voltages. The values of the
reference voltages (succeeding reference voltages) to be
used 1 a succeeding 1image reading process are set based on
preceding reference voltages used 1 preceding image read-
ing processes. The voltage data 1s converted mto numeric
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data while referring to the reference voltages. Thus, the
reference voltages, to be used during the present image
reading process for converting the CCD’s generated 1nput
voltage data 1nto numeric data, are set based on the reference
voltages which have been set during the previously-executed
image reading process. Therefore, the reference voltages can
be set within a short period of time.

The memories 13a and 13c store temporary reference
voltages. The A/D converter 41a serves to compare the
values of the temporary reference voltages with mput volt-
ages produced by the CCD 1n the bright and dark conditions,
respectively. When the temporary reference voltage 1is
smaller than the iput voltage, the value of the temporary
reference voltage 1s increased. When the temporary refer-
ence voltage 1s larger than the mnput voltage, the value of the
temporary reference voltage 1s decreased. The increase and
decrease of the temporary reference voltages are repeatedly
performed. When the temporary reference voltages become
substantially the same as the input voltages, the values of the
temporary reference voltages are set as reference voltages to
be used during the present image reading process. The
determined reference voltages are stored in the memories
13a and 13c, and are stored also in the memories 135 and
13d as 1nitial values of the temporary reference voltages to
be used 1n the next 1image reading process.

Thus, 1n each 1mage reading process, reference voltages
set during the previously-executed 1mage reading process
are used as 1nitial values of the temporary reference voltages
to be used for determining the reference voltages for the
present 1mage reading process. Accordingly, the 1nitial val-
ues of the temporary reference voltages can be set suffi-
ciently near to the reference voltages to be finally deter-
mined at the present process. The number of times the
temporary reference voltages has to be changed before
finally determining the reference voltages can be reduced,
and the reference voltages can be determined within a
shorter period of time.

The comparison processes of S32, S35, 852, and S35, the
temporary voltage increasing processes of S36 and S353, and
the temporary voltage decreasing processes of S33 and S56
are operated 1n periodically-executed interrupt routines so
that each temporary reference voltage 1s increased or
decreased during one interrupt routine and so that the
increased or decreased temporary reference voltage will be
compared with the input voltage 1n the next mterrupt routine.

Thus, during the periodically-executed mterrupt routines,

the temporary reference voltage 1s repeatedly changed in
S33, S36, S53, and S56 and compared with the CCD’s

ogenerated voltage 1 S32, S35, S52, and S55. When the
temporary reference voltage 1s changed at a certain interrupt
routine, the changed reference voltage will be compared
with the CCD’s generated voltage at the next interrupt
routine. Because the next mterrupt routine 1s executed after
the predetermined time interval elapses after the ending of
the subject interrupt routine. Accordingly, the temporary
reference voltage can be compared to the CCD’s generated
voltage after the temporary reference voltage has sufficiently
stabilized. Still, the temporary reference voltage can be
compared to the CCD’s generated voltage under the same
condition, that 1s, while the original 1s being introduced into
the scanner 19. Accordingly, the reference voltage can be
reliably and accurately determined during the periodically-
executed interrupt routines.

While the invention has been described in detail with
reference to the specific embodiment thereof, 1t would be
apparent to those skilled in the art that various changes and
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modifications may be made therein without departing from
the spirit of the invention, the scope of which 1s defined by
the attached claims.

For example, in the above-described embodiment, the
upper storage memory 13b and the lower storage memory
13d are provided for storing data of the reference voltages
determined 1n preceding determination processes. However,
the storage memories 135 and 13d can be omitted. In this
modification, the processes performed 1 S22 and S26 of
FIG. 11 and the processes of S42 and S46 in FIG. 13 are
omitted. In addition, during the process of FIG. 9, the upper
reference voltage memory 13a 1s mitially set in S1 to the
value of “00h,” and the lower reference voltage memory 13c¢
1s 1nitially set in S2 to the value of “3Fh.” The upper and
lower reference voltage memories 13a and 13c¢ serve to
maintain reference voltages, which are used during the
presently-executed image reading processes of FIG. 10, until
the next image reading processes of FIG. 10 starts, and serve
to use the maintained reference voltages as initial temporary
reference voltages.

The present invention can be applied to an 1mage reading,
device which 1s capable of reading an 1mage 1n full color. In
this case, three lamps 194 are provided in the scanner 19.
That 1s, a red lamp, a blue lamp, and a yellow lamp are
provided 1n the scanner 19. In order to determine the upper
and lower reference voltages, each lamp 1s 1lluminated and
extinguished individually so that the upper and lower rel-
erence voltages can be determined for all the three colors.

In the above-described embodiment, the single upper
reference voltage 1s determined for all the light conversion
clements 1n the CCD 19d. The single lower reference
voltage 1s determined for all the light conversion elements in
the CCD 19d. Accordingly, in S14, mput voltage data
outputted from each of the light conversion elements 1n the
CCD 19d 1s converted into numeric data through the formula
(1) with using the single lower reference voltage determined
in S12 and the single upper reference voltage determined in

S13.

However, the lower and upper reference voltages may be
determined 1n S12 and S13 for each of the light conversion
clements 1n the CCD 194. That 1s, the processes of S12 and
S13 may be performed onto each light conversion element.
This modification can determine the upper and lower refer-
ence voltages more proper to the respective light conversion
clements. That 1s, when the properties of the respective light
conversion elements are different from one another, the
respective light conversion elements may produce voltage
data of different values 1n each of the dark and bright
conditions. Accordingly, 1in this modification, upper and
lower reference voltages are determined for each light
conversion element 1n S12 and S13 in correspondence with
the property of the each light conversion element. For each
light conversion element, the formula (1) is calculated with
using the thus determined upper and lower reference volt-
ages.

In the above-described embodiment, the distortion com-
pensation unit 42 and the gamma compensation unit 43 are
provided 1n the 1mage scanner 19. However, the units 42 and
43 may be omitted. The numeric data outputted from the
A/D converter 41 may be directly binarized into binary data
by the binarization unit 44. The binary data 1s transferred to
and stored 1n the 1mage memory 13f as image data. Or, the
numeric data may be directly transferred to the image
memory 13/. The numeric data 1s stored as 1mage data 1n the
image memory 13f.
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What 1s claimed 1s:

1. An 1mage reading device comprising:

reading means capable of reading an original 1mage
through converting the original image into voltage data;

reference voltage supply means capable of supplying a
reference voltage;

conversion means capable of receiving the voltage data
and the reference voltage and converting the voltage
data 1nto numeric data with referring to the reference
voltage;

reference voltage setting means setting a value of the
reference voltage to be supplied from the reference
voltage supply means;

memory means capable of storing a value of the set
reference voltage; and

image reading control means for performing
successively-executed 1mage reading processes by
repeatedly controlling the reading means to convert
original 1mages into voltage data, the reference voltage
supply means to supply the reference voltage, and the
conversion means to convert the voltage data into the
numeric data with referring to the reference voltage, the
image reading control means controlling the reference
voltage setting means to perform a reference voltage
setting operation to set the reference voltage to be used
during one 1mage reading process, by nitially setting,
as an 1nitial value, a temporary reference voltage whose
value 1s equal to the value of the reference voltage that
1s stored 1n the memory means and that 1s supplied from
the reference voltage supply means during another
image reading process which 1s performed before the
subject 1mage reading process, and by adjusting the
thus 1nitially-set temporary reference voltage value to
determine the value of the reference voltage to be
supplied from the reference voltage supply means
during the subject image reading process.

2. An 1image reading device as claimed 1n claim 1, wherein
the reference voltage setting means performs its reference
voltage value setting operation during each 1mage reading
process to set the value of the reference voltage to be used
for the subject image reading process.

3. An 1image reading device as claimed 1n claim 2, wherein
the reading means 1s capable of producing first voltage data
at a first predetermined condition, the reference voltage
setting means setting the value of the reference voltage to be
substantially equal to the first voltage data.

4. An 1image reading device as claimed 1n claim 3, wherein
the reference voltage setting means 1ncludes:

reading control means for controlling the reading means
into the first predetermined condition, thereby allowing
the reading means to produce the first voltage data;

comparison means capable of comparing the temporary
reference voltage with the first voltage data;

temporary voltage changing means capable of changing
the temporary reference voltage by a predetermined
level;

interrupt routine execution means for periodically execut-
ing an interrupt routine for controlling the comparison
means to compare the temporary reference voltage with
the first voltage data and the temporary voltage chang-
ing means to change the temporary reference voltage
by the predetermined level so that the temporary ret-
erence voltage changed at each interrupt routine will be
compared with the first voltage data at a subsequently-
executed interrupt routine, the mnterrupt routine execu-
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tion means periodically executing the interrupt routine
until the temporary reference voltage becomes substan-
tially equal to the first voltage data;

determination means for, when the temporary reference
voltage becomes substantially equal to the first voltage
data, determining the temporary reference voltage as
the reference voltage to be used for the present 1mage
reading process; and

initial temporary voltage setting means for setting the
determined reference voltage as the temporary refer-
ence voltage to be nitially compared by the compari-
son means with the first voltage data in an 1nterrupt
routine to be executed by the interrupt routine execu-
fion means at a first time during the next image reading,
Process.

5. An 1image reading device as claimed 1n claim 3, wherein

the reference voltage setting means includes:

reading control means for controlling the reading means
into the first predetermined condition, thereby allowing
the reading means to produce the first voltage data;

comparison means for comparing the temporary reference
voltage with the first voltage data;

temporary voltage changing means for repeatedly chang-
ing the temporary reference voltage based on the com-
pared results until the temporary reference voltage
becomes substantially equal to the first voltage data;

determination means for, when the temporary reference
voltage becomes substantially equal to the first voltage
data, determining the temporary reference voltage as
the reference voltage to be used for the present 1mage
reading process; and

initial temporary voltage setting means for setting the
determined reference voltage as the temporary refer-
ence voltage to be 1nitially compared by the compari-
son means with the first voltage data during the next
image reading process.

6. An 1mage reading device as claimed 1n claim 5, wherein
the memory means includes reference voltage memory
means for storing data of the reference voltage determined
by the determination means.

7. An 1mage reading device as claimed 1n claim 6, wherein
the memory means further includes initial temporary voltage
memory means for maintaining the temporary reference
voltage set by the imitial temporary voltage setting means
until the next 1mage reading process.

8. An 1mage reading device as claimed 1n claim 7, wherein
the temporary voltage changing means repeatedly changes
the temporary reference voltage by a predetermined level at
a time until the temporary reference voltage becomes sub-
stantially equal to the first voltage data.

9. An 1mage reading device as claimed 1n claim 8, wherein
the temporary voltage changing means includes:

temporary voltage increasing means capable of increasing,
the temporary reference voltage by the predetermined
level at a time;

temporary voltage decreasing means capable of decreas-
ing the temporary reference voltage by the predeter-
mined level at a time; and

control means for controlling the temporary voltage
Increasing means to increase the temporary reference
voltage by the predetermined level when the compari-
son means detects that the temporary reference voltage
1s lower than the first voltage data and for controlling
the temporary voltage decreasing means to decrease the
temporary reference voltage by the predetermined level
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when the comparison means detects that the temporary
reference voltage 1s greater than the first voltage data.
10. An 1image reading device, comprising reading means
capable of reading an original image through converting the
original 1mage into voltage data, said reading means capable
of producing first voltage data at a first predetermined
condition and capable of producing second voltage data at a
second predetermined condition;

reference voltage supply means being capable of supply-
ing first and second reference voltages;

conversion means being capable of receiving the voltage
data and the reference voltage and converting the
voltage data into numeric data with referring to the first
and second reference voltages; and
image reading control means performing successively-
executed 1mage reading processes through repeatedly
controlling the reading means to convert the original
image 1nto voltage data, the reference voltage supply
means to supply the first and second reference voltages,
and the conversion means to convert the voltage data
into the numeric data with referring to the first and
second reference voltages, the 1image reading control
means setting values of the first and second reference
voltages, to be supplied from the reference voltage
supply means at each 1image reading process, based on
other values of the first and second reference voltages
supplied from the reference voltage supply means at
another 1mage reading process which 1s performed
immediately before the each image reading process.
11. An 1mage reading device as claimed in claim 10,
wherein the 1image reading control means includes reference
voltage setting means for being executed at each image
reading process to set the values of the first and second
reference voltages to be used for the subject image reading
process based on the values of the first and second reference
voltages used at the most recently-performed 1mage reading,
process, the reference voltage setting means setting the
values of the first and second reference voltages to be
substantially equal to the first and second voltage data,
respectively.
12. An 1mage reading device as claimed in claim 11,
wherein the reference voltage setting means includes:

reading control means for controlling the reading means
into the first predetermined condition, thereby allowing
the reading means to produce the first voltage data, and
for controlling the reading means into the second
predetermined condition, thereby allowing the reading
means to produce the second voltage data;

comparison means capable of comparing first and second
temporary reference voltages with the first and second
voltage data, respectively;

temporary voltage changing means capable of changing
cach of the first and second temporary reference volt-
ages by a predetermined level;

first 1nterrupt routine execution means for periodically
executing a first interrupt routine for controlling the
comparison means to compare the first temporary ref-
erence voltage with the first voltage data and the
temporary voltage changing means to change the first
temporary reference voltage by the predetermined level
so that the first temporary reference voltage changed at
cach first mnterrupt routine will be compared with the
first voltage data at a subsequently-executed first inter-
rupt routine, the first interrupt routine execution means
periodically executing the first interrupt routine until
the first temporary reference voltage becomes substan-
tially equal to the first voltage data;
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second 1nterrupt routine execution means for periodically
executing a second interrupt routine for controlling the
comparison means to compare the second temporary
reference voltage with the second voltage data and the
temporary voltage changing means to change the sec-
ond temporary reference voltage by the predetermined
level so that the second temporary reference voltage
changed at each second interrupt routine will be com-
pared with the second voltage data at a subsequently-
executed second interrupt routine, the second interrupt
routine execution means periodically executing the
second 1nterrupt routine until the second temporary
reference voltage becomes substantially equal to the
second voltage data;

determination means for, when the first temporary refer-
ence voltage becomes substantially equal to the first
voltage data, determining the first temporary reference
voltage as the first reference voltage to be used for the
present 1mage reading process, and for, when the sec-
ond temporary reference voltage becomes substantially
equal to the second voltage data, determining the
second temporary reference voltage as the second ref-
erence voltage to be used for the present 1mage reading
process; and

initial temporary voltage setting means for setting the
determined first reference voltage as the first temporary
reference voltage to be 1nitially compared by the com-
parison means with the first voltage data in the first
interrupt routine to be executed by the first interrupt
routine execution means at a first time during the next
image reading process, and for setting the determined
second reference voltage as the second temporary rel-
crence voltage to be initially compared by the com-
parison means with the second voltage data in the
second 1nterrupt routine to be executed by the second
interrupt routine execution means at a first time during
the next image reading process.

13. An image reading device as claimed in claim 11,

wherein the reference voltage setting means includes:

reading control means for controlling the reading means
into the first predetermined condition, thereby allowing
the reading means to produce the first voltage data, and
for controlling the reading means into the second
predetermined condition, thereby allowing the reading
means to produce the second voltage data;

comparison means for comparing first and second tem-
porary reference voltages with the first and second
voltage data, respectively;

temporary voltage changing means for repeatedly chang-
ing the first and second temporary reference voltages
based on the compared results until the first and second
temporary reference voltages become substantially
equal to the first and second voltage data, respectively;

determination means for, when the first temporary refer-
ence voltage becomes substantially equal to the first
voltage data, determining the first temporary reference
voltage as the first reference voltage to be used for the
present 1mage reading process, and for, when the sec-
ond temporary reference voltage becomes substantially
equal to the second voltage data, determining the
second temporary reference voltage as the second ref-
erence voltage to be used for the present 1mage reading
process; and

initial temporary voltage setting means for setting the
determined first and second reference voltages as the
first and second temporary reference voltages to be
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initially compared by the comparison means with the
first voltage data and the second voltage data during the
next image reading process.

14. An 1mage reading device as claimed in claim 13,
wherein the reference voltage setting means further includes
reference voltage memory means for storing data of the first
and second reference voltages determined by the determi-
nation means.

15. An 1mage reading device as claimed in claim 14,
wherein the reference voltage setting means further imncludes
initial temporary voltage memory means for maintaining the
first and second temporary reference voltages set by the
initial temporary voltage setting means until the next image
reading process.

16. An image reading device as claimed in claim 185,
wherein the temporary voltage changing means repeatedly
changes the first temporary reference voltage by a predeter-
mined level at a time until the first temporary reference
voltage becomes substantially equal to the first voltage data,
and repeatedly changes the second temporary reference
voltage by the predetermined level at a time until the second
temporary reference voltage becomes substantially equal to
the second voltage data.

17. An 1mage reading device as claimed in claim 16,
wherein the temporary voltage changing means includes:

temporary voltage increasing means capable of increasing,

cach of the first and second temporary reference volt-
ages by the predetermined level at a time;

temporary voltage decreasing means capable of decreas-

ing cach of the first and second temporary reference
voltages by the predetermined level at a time; and

control means for controlling the temporary voltage
Increasing means to increase the first temporary refer-
ence voltage by the predetermined level when the
comparison means detects that the first temporary ref-
erence voltage 1s lower than the first voltage data, for
controlling the temporary voltage decreasing means to
decrease the first temporary reference voltage by the
predetermined level when the comparison means
detects that the first temporary reference voltage 1is
oreater than the first voltage data, for controlling the
temporary voltage increasing means to increase the
second temporary reference voltage by the predeter-
mined level when the comparison means detects that
the second temporary reference voltage 1s lower than
the second voltage data, and for controlling the tem-
porary voltage decreasing means to decrease the second
temporary reference voltage by the predetermined level
when the comparison means detects that the second
temporary reference voltage 1s greater than the second
voltage data.

18. An 1mage reading device as claimed in claim 11,
wherein the voltage data produced by the reading means 1s
in a range of minimum voltage data and maximum voltage
data, the first voltage data being equal to the minimum
voltage data and the second voltage data being equal to the
maximum voltage data.

19. An 1mage reading device as claimed in claim 18,
wherein the reading means includes light conversion means
capable of receiving light supplied from the original image
and converting intensity of the received light into voltage
data, indicative of the intensity of the received light, 1n the
range of the mimmimum and maximum voltage data.

20. An 1mage reading device as claimed i claim 19,
wherein the reading means further includes:

original transporting means for transporting an original
bearing the original image thereon to a predetermined
image reading position;
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a light source capable of 1rradiating light onto the 1mage
reading position;

a white reference plate provided on the 1mage reading
position; and

a CCD provided for receiving light reflected from the
image reading position and for converting intensity of

the received light mnto voltage data indicative of the
intensity of the received light,

wherein the reference voltage setting means controls,
when the original i1s not transported to the image
reading position, the CCD to produce the first voltage
data while controlling the light source to turn OFF and
controls the CCD to produce the second voltage data
while controlling the light source to turn ON.

21. An 1mage reading device, comprising:

reading means for successively performing 1image reading
processes, the reading means reading, during each

image reading process, an original image by converting
the original 1mage into voltage data;

reference voltage supply means for supplying a reference
voltage during each image reading process;

reference voltage setting means for setting, during each
image reading process, a value of the reference voltage
to be supplied by the reference voltage supply means
during the subject 1mage reading process, the reference
voltage setting means including memory means for
storing the value of the reference voltage set during
cach 1image reading process, the reference voltage set-
ting means setting the value of the reference voltage for
cach 1mage reading process by setting, as an 1nitial
value, another value of the reference voltage, which the
reference voltage setting means has set during another
image reading process that precedes the subject 1mage
reading process and which 1s stored in the memory
means and by adjusting the initial value; and

conversion means for receiving, during each 1mage read-
ing process, the voltage data and the reference voltage,
whose value 1s set by the reference voltage setting
means, and for converting the voltage data into numeric
data with referring to the reference voltage.

22. An 1image reading device, comprising:

reading means for reading an original 1image by convert-
ing the original 1mage into voltage data;

reference voltage supply means for supplying a reference
voltage;

reference voltage setting means for setting a value of the
reference voltage supplied by the reference voltage
supply means, the reference voltage setting means
setting a succeeding reference voltage based on a
preceding reference voltage; and

conversion means for receiving the voltage data and the

reference voltage, whose value 1s set by the reference

voltage setting mean, and for converting the voltage

data 1nto numeric data with referring to the reference

voltage; wherein the reference voltage setting means

includes:

temporary voltage memory means for storing a tem-
porary reference voltage;

comparison means for comparing the value of the
temporary reference voltage with an 1nput voltage
produced by the reading means in a predetermined
condition;

temporary voltage value increasing means for, when
the results of the comparison performed by the
comparison means show that the temporary refer-
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ence voltage 1s smaller than the input voltage,
increasing the value of the temporary reference volt-
age stored 1n the temporary voltage memory;
temporary voltage decreasing means for, when the
results of the comparison performed by the compari-
son means show that the temporary reference voltage
1s larger than the nput voltage, decreasing the value
of the temporary reference voltage stored i the
temporary voltage memory;
determination means for repeatedly operating the tem-
porary voltage increasing means and the temporary
voltage decreasing means and setting the value of the
temporary reference voltage as the reference voltage
when the temporary reference voltage stored 1n the
temporary voltage memory becomes substantially
the same as the mput voltage;
voltage memory means for storing the reference volt-
age set by the determination means; and
initial value setting means for setting, into the tempo-
rary voltage memory means, the reference voltage
stored 1n the voltage memory means, as an inifial
value of the temporary reference voltage.

23. An 1mage reading device as claimed in claim 22,
whereln the comparison means, the temporary voltage
increasing means, and the temporary voltage decreasing
means are operated by periodically-executed interrupt rou-
fine so that the temporary reference voltage 1s increased or
decreased during one interrupt routine by the temporary
voltage increasing means or the temporary voltage decreas-
ing means and so that the comparison means compares the
increased or decreased temporary reference voltage with the
input voltage in the next interrupt routine.

24. An 1mage reading device, comprising:

reading means for reading an original 1mage by convert-

ing the original 1mage into voltage data;

reference voltage supply means supplying first and second
reference voltages;

reference voltage setting means setting values of the first
and second reference voltages supplied by the reference
voltage supply means;

conversion means receiving the voltage data and first and
second reference voltages, whose values are set by the
reference voltage setting means, and converting the
voltage data mto numeric data with referring to the first
and second reference voltages,

wherein the reading means includes:
original transporting means for transporting an original
bearing the original 1mage thereon to a predeter-
mined 1mage reading position;
a light source capable of irradiating light onto the
image reading position;
a white reference plate provided on the 1image reading
position; and
light conversion means provided for receiving light
reflected from the image reading position and for
converting 1ntensity of the received light into voltage
data indicative of the intensity of the received light,
wherein the reference voltage setting means includes:
control means for controlling, before the original
reaches the 1image reading position by the original
fransporting means, the light conversion means to
produce first input voltage while controlling the
light source to turn OFF and controls the light
conversion means to produce second 1nput voltage
while controlling the light source to turn ON;
temporary voltage memory means for storing first
and second temporary reference voltages;
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comparison means for comparing the value of the
first temporary reference voltage with the first
input voltage, and for comparing the value of the
second temporary reference voltage with the sec-
ond input voltage;

first temporary voltage value increasing means for,
when the result of the comparison performed by
the comparison means shows that the first tempo-
rary reference voltage 1s smaller than the first
input voltage, increasing the value of the first
temporary reference voltage stored 1n the tempo-
rary voltage memory;

second temporary voltage value increasing means
for, when the result of the comparison performed
by the comparison means shows that the second
temporary reference voltage 1s smaller than the
second 1nput voltage, increasing the value of the
second temporary reference voltage stored 1n the
temporary voltage memory;

first temporary voltage decreasing means for, when
the result of the comparison performed by the
comparison means shows that the first temporary
reference voltage 1s larger than the first input
voltage, decreasing the value of the first temporary
reference voltage stored 1n the temporary voltage
memorys;

second temporary voltage decreasing means for,
when the result of the comparison performed by
the comparison means shows that the second
temporary reference voltage i1s larger than the
second 1nput voltage, decreasing the value of the
second temporary reference voltage stored 1n the
temporary voltage memory;

determination means for repeatedly operating the
first and second temporary voltage increasing
means and the first and second temporary voltage
decreasing means and setting the values of the first
and second temporary reference voltages as the
first and second reference voltages when the first
and second temporary reference voltages stored 1n
the temporary voltage memory become substan-
tially the same as the first and second input
voltages, respectively;

voltage memory means for storing the first and
second reference voltages set by the determination
means; and

initial value setting means for setting, 1nto the tem-
porary voltage memory means, the first and sec-
ond reference voltages stored in the voltage
memory means, as 1nitial values of the first and
second temporary reference voltages.

25. An 1mage reading device as claimed in claim 24,
wherein the comparison means, the first and second tempo-
rary voltage increasing means, and the first and second
temporary voltage decreasing means are operated by
periodically-executed mterrupt routine so that each of the
first and second temporary reference voltages 1s increased or
decreased during one interrupt routine by the corresponding
temporary voltage increasing means or the corresponding
temporary voltage decreasing means and so that the com-
parison means compares the increased or decreased tempo-
rary reference voltage with the corresponding 1nput voltage
in the next interrupt routine.
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